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DIVERSIONS FROM -ALLUVIAL STREAM 


By C. P. LINDNER, M, ASCE 


e hydraulic e ims of nee and | their withdrawa al of sediment from 


streams are re discussed in this pape per. In on der that a a clear ar understanding 
the the influence of diversion may be had, characteristics ‘of the flood 
e 


and of the ‘stage-discharge rela ition are described. Factors influencing th 


diversion of bed load and the variation in ‘the ‘quantity of diversion with ‘the: 


ments. 
of diversion on the river and diversion « channels, and items to be considered inv 
planning t the diversion entrance are >given. T The use of the principles and factors 


oft ‘this paper w will aid i in arriving a at a reasonable ‘appraisal of f the results Its to be be 
expected from. diversion, but ‘model ‘experimentation is the best ‘medium ‘for 


a securing siniite upon which a » high degree of dependence can he placed. Pf 


is located a short distance below : an extensive valley | storage ar area, the rate at — 
- which water is withdrawn from the main stream is not the net t reduction i in river 


= immedi ately below ' the diversion, for an increase in peak discharge i is . 
likely t to result from operation. Toe demonstrate this effect synthetic disch large- 
storage relationships were prepared in n which the ir increments of storage per t unit 
change in discharge were quite large. . These r relationships. were” used with 
appropriate rating ct curves to ) route : a hypothetical flood | past a diversion flood- 
way. The results of the | routing are shown in Fig. ‘1. For the nee 
flood the inflow to the stream reach attained a maximum rate of 1,800,000 cu ft 
per sec = Thus the natural storage, with the ne floodway not operating, reduced 


the peak inflow by about 450,000 cu ft. per sec. With the floodway operating, a 7 


_ Norg.—Written comments are invited for publication; the last should be by 
a Engr., Atlantic Div., of U. 8. Army, Atlanta, Ga. 
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alley storage reduced the same e peak a by. cent 360, 000 eu ft per sec. 
90, 000 cu ft per see, then, was the lost storage effect or the 
increase in Gechares caused by operation of the floodway. This is ; emphasized 
further i in | Fig. 1, which shows the e discharge in th the floodway to be slightly under 
e | 230, 000 cu ft per sec : and the net reduction in river - discharge to be about 1 AQ, 000 7 


Tota Discharge Floodway Operating 


on 


er Second © 
in Thousands of Cubic Feet per Second 


per sec 


| 


 (B) Floodway Discharge and Net Reducti 
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2” Net Reduction in River Discharge 
ee Attributable to Floodway 
(ScaleB) 


‘Fic. RATION oF DowNsTREAM From LarGe Storace 
eu ft per sec. About 39% of the water withdrawn by the Goodway as re- 
-_ to compensate for the seamed natural storage effect caused by floodway © 
operation, 
Care 1 must be exercised in ‘the waciiel of a diversion with a controlled — 
inlet. If the control we orks are opened abruptly, t the total discharge rates will | 
be increased by v virtue e of withdrawal from valley storage until sufficient time 
has elapsed to permit the attainment of channel slopes" that. are normal with 
the divers sion operating. 1 For r many years - it was thought that a cutoff (wi hich 
bas 
‘may | be considered a re-entrant. diversion) would increase stages downstream 
about. as much as it reduced them upstream. _ This belief was either inspired 0 or 
_ supported by | observation of a cutoff on the Mississippi River that coourred 
quickly at high stages. 7 ‘Discharges and stages were promptly increased below, 


which was natural since the he rapid lowering | of ‘Stages above the cutoff w ithdrew = 


Ww vater that was in detention stora age. . The same results will follow the sudden 
opening of a diversion at high stages. 


‘frect on W Storage Area Below the Diversion.— —With the diver- 


“stream 1 may y also be : serious, for the net reduction immediately below ‘the | diver- 


sion i is greater than at points farther downstream. — To illustrate: in one case it 
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. was —_—" that the next reach below the e di 
di scharge xe characteristics as the reach above re, for which Fig. 1 was prepared. 
Through this reach were routed the flows shown in Fig. 1 for the total discharge — 
* | with the floodway not operating, and for discharge in river below floodway, the © 
- flows remaining in the river after floodway withdrawals. Peak discharges w were — 
found to be 1 182, 000 cu ft per see with the floodwa ay not operating | ‘and 
1,097,000 ou ft per sec with the floodway operating. — The difference of 85 000 
ws ft per sec is the effect of the diversion at the lower end of the next reach — 
downstream. Since the net reduction immediately below the diversion was 
7 about 140,000 cu ft per see, the reduction ¥ was diminished about 39% in the next _ 


Modification of W ‘ater Surface Slope: 


 Flood- W. ave Flow Characteristies.- is well recognized that a diversion 
“imereases the water surface slope in the main channel upstream. The effect 


of a diversion on the slope | dow nstream has been given little snelinn, An 

understanding of flow characteristics is necessary for a complete realization 


Stage at Arkansas City, Ark. 


Mean Channel Velocity of 
Chicot Landing (Near Arkansas a4 
(Seale B) 
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"Fall From Arkansas City to_, 
ey Lake Providence, La. — 


1.26 Jan. 5 10 ‘Feb. 
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‘of the effect on dow nstream In the stage hydrograp! hand the 
: mean channel velocities of the 1937 flood i in the Mississippi River at Arkansas 
“ City, Ark., have been plotted as has t the fall from Arkansas City downstream _ 
to Lake Providence, La. This fall is indicative of the river slope below 
a Arkansas City. — ~The slope on the rising limb of the hydrograph is steeper than 
corresponding stages on the falling limb. _ As a result, the velocities are 
greater « on the 1 rising limb, and it follows that the. discharge for any given stage’ 
is greater : also. ~The maximum discharge rate may o occur before the 
when the slope i is still greater than at the crest. nn er. 
The steeper slope on the rising limb of the is fact 
that the rise at any point precedes the rise at a pos below. - The difference is | 


— 

| 
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limb of the On the falling limb of the hydrograph 
At the instant of crest, the water ‘surface downstream i is 


the is by withdrawal of water sap storage 
the gaging station. This i increases rates of discharge at downstream points and 
Flood-Wave_ and Steady-Flow § ‘Slopes Compared.—At peak stage the slope | 
is greater than it w ould be if the flow that occurred at that stage continued — 
_ sufficiently long to create steady flow conditions. - Under the latter conditions — 
= points are at t stages | corr esponding tot the same flow. _ Thus, if the discharge — 
_ were to rise to a given n quantity and then continue at that rate for an indefinite _ 
‘pected, the stage at any station would continue to rise slightly after the given 
rate of flow was attained, until a cor constant slope was established. This slope 
- wor ould be less than the slope at the pe peak of a normal hydrograph and the stage 
~ would be higher. . At the time the given rate of flow was attained at the station, — 


the conditions would | approximate those at the peak of a normal hydrograph, 


for downstream stages and discharges would still be rising. ' Thereafter, down- - i 


__ stream stages would rise more than the stage at the upstream station, for the 
dow wnstream 8 stages would | be increased both by flattening of the water surface 
a 7 slope and increase in discharge v whereas the : stage at the upstream m station would 7 


be increased only by flattening of the slope. Thus it is demonstrated that the 4 


ii slope under steady flow conditions is flatter than the slope at the peak of a 
normal hydrograph. — Furthermore, since rising stages have steeper ‘slopes than 
_ the peak, the slopes on the rising limb of the hydrograph are steeper than those — 
On the falling limb of the hydrograph the slope continues steeper that 
in flow conditions until conditions are approximately 


the discharge hydrograph to the same rate of flow. This. point i is 


: : q the same as or r equivalent to the crossing of the inflow and outflow hydrographs, — 

well recognized in river hydraulics as the peak of the outflow “hydrograph. 
Thereafter: the upstream hydrograph will fall faster than the downstream 

. hydrograph, and slopes at and below the upstream station will be flatter than _ 
those occuring in steady flow conditions. 7k. When the equality of discharge rates 4 
at 2 points: is used to approximate steady flow conditions, the length of the 

reach between the ; points should be so limited that the contained stor age can be 
related to the stage or discharge at the downstream point. . addition, the 

a reach should | be long enough to prevent changes below the reach from affecting 


- stages at the upstream e1 end of the reach. _ There sl ‘should also be no material i in- 
- flow within oe reach; or intermediate inflow should be removed by yauiiyliead 


- adjustment. In the case of a reach so selected, at the time the discharges at 


— 


the head and foot of the reach are equal, the flows at intermediate points should 


— increased by valley storage which lengthens the time lag and reduces the stage _ . : 
— 
— _stage downstream rises to crest and then falls less in each coinciding period = ; 
— 
| 
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to the Sone at wail of the reach. Accordingly, ‘substantially 
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Dicharge, in Thousands of Cubic Feet per 

Fic. 3. ‘OF SraGe- -Diecuarce Re 

example. The mean curve, drawn.as an between the rising and 
falling segments of the loop, does not necessarily represent steady flow condi- 
tions. i If the rise of the flood is 3 rapid and the fall is slow, discharges taken from 
‘the mean rating curve will be higher than those for steady flow conditions. 
| Ther reverse will be true if the rise is slow and the fall is rapid. - Inthe absence _*! 
other changes, a a composite mean rating | curve obtained from nm many ny flood w aves 


should approximate a steady flow rating curve Ss Care should be exercised, : 


— 
— 
lz: 


near the top of each loop i is selected in accordance with 
the preceding paragraph, these points should approximately represent steady 
_ flow conditions. These points may be expected to lie toward the falling stage — 
_ side of the loop from the peak stage unless the maximum flow was of sufficient — 
_ duration to establish steady flow conditions. © Since an alluvial stream is con- 
tinuously changing because of erosion, mean cu curve obtained from several 
flood waves may not have great significance. In such a situation the engineer 
has little choice other - than to use a rating curve plotted from n the m most recent a, 
flood wave, with such adjustments as he has good reason to make. - ia ae 
Resvits: of Flattening the Hydrograph. —From the foregoing it is evident 4 

‘that, if an attempt is made to decapitate the hydrograph | by 1 means of a con- 7 
trolled diversion, the slopes in the main river downstream of the ‘diversion will - 

be flattened. _ Decapitation is is defined as the : slicing c off of the highest portion of 

the flood wave so that the stage or discharge remains constant for an appreciable ~ 
= of time. If the discharge hydrograph is decapitated, the ste stages down- ] - 

stream will continue to rise after the diversion is begun by an amount equal to 
the difference e (at the decapitated rate of discharge) | between the rising stage 


hydrograph is attempted, once diversion has begun it must increase by the | 
amount of rise of the inflowing discharge hydrograph (including the increase — 
- caused by lessened valley storage . effect) plus the difference in 1 discharge between - © 
the: two rating curves at the decapitated ‘stage. To clarify, assume that diver- 


sion is begun at a 16-ft s stage with the intention of holding that stage e throughout — 


rating curve and the steady flow rating curve. When} decapitation of the stage 


the to Fig. 3, diversion will on bony segment 


5, 000 cu ft ioe 
> after diversion is begun, the ascends a peak flow 
1,200,000 cu ft per sec the diversion required to hold the stage to 16 ft is not — 
4 200,000 cu ft per sec minus 940,000 cu ft per sec = = 260,000 cu ft per sec but 
— 1,200,000 cu ft per sec minus 865,000 cu ft per sec = 335,000 cu ft per sec. 

. This is is true unless the decapitation involves too short a period to create s steady 
; flow ; conditions dow nstream before the peak flow occurs, in which case a eer 


increase in es dive ersion will be made necessary by the flattening of downstream 


OW ith t the exception of diversions that are specifically operated to avoid ‘the a 
effects accompanying g decapitation of the hydrograph r resulting from the reduc- 
mote river slopes downstream, these effects are experienced to a degree in all 
diversions from streams | having significant amounts of valley storage below the 
diversion, whether or not the diversions are controlled. This follows from the ~~ & 
fact that diversions generally flatten the hydrograph. pet 
Stage Reduction. —Above and below a diversion, stages in the main 
are reduced. Above the diversion, slopes are steepened, and the reduction in 
stage « diminishes i ‘in accordance with backwa ater principles. __ Below the diversion, 
slopes. usually a1 are flattened, thus i increasing the stage required to transmit flows 
and reducing the effectiveness of diversion in terms of stage” lowering In 


addition, if there i is appreciable vall valley storage ge above the diversion, the maximum 
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ALLUVIAL STREAMS 


rates. of flow immediately a above the head of the diversion are »tenonnnalds so o that, . 
; neither stages above nor below the diversion are lowered in magnitude corre-— 
7 _ sponding to the rate at which w ater is withdrawn. Furthermore, with a 
_ substantial amount of valley storage below the diversion, the lowering of stages ‘ 
: _ downstream diminishes with distance from the diversion. It should beremem- 
bered also that increments of discharge per. foot change i in stage increase 
. ina downstream direction. . Thus, even in the absence of other factors tending ’ 
to diminish stage low owerings, a reduction of water surface elevation immediately | 


below a diversion ma may , be equivalent to. a much lesser reduction at points’ 


Velocity Changes. —Velocities 1 may be expected to be modified by diversion 
in accordance with the slope changes. 2 In the river above the diversion, vel oci- 
os ties will be increased with the i increase, growing less in an upstream direction 
and reaching zero at the first point above the diversion drawdown influence. — 
~ Below the diversion, velocities will generally be reduced because of the lowering © 


of the er crest rates of and the of the 


3. ‘Valley storage effect is reduced upstream from a diversion, nor the maxi- 
‘mu m rate of discharge is thereby increased; 


hei 4. By flattening the hydrograph, a diversion reduces valley storage effect, p 
_ in the main river downstream resulting in the loss of a part of the peak ge 
ud and stage reduction that normally we ould be caused 1 by ‘storage; eon 
WwW hen the 1e hydrograph is flattened, steady flow conditions are approached Co 


nstre: eam. This i increases stages by causing coincidence or near coincidence 
of the | peak discharge and pout stage, rel also by causing crest or near crest 
above : are at crest stage, 


ee 6. The ¢ diminished valley s storage effect downstream from a diversion (men- 
tioned above) further by causing the and reducing 


the s stage in the main stream exceeds the elevation of the bottom of the diver- 
sion, the flood hydrograph v will be flattened roughly i in proportion { to the amount 

the peak stage. is reduced, but it will not be decapitated. The valley storage 
effect i in reducing flood peak discharge - will be diminished. both upstream and 4 
downstream from the diversion but will not be eliminated, for the r nor mal shape 

of the hydrograph is retained even though its. amplitude is reduced. If the 
hydrograph, as modified by 1 the diversion, passes through sizable storage areas) 


downstream, its peak flow and atl rates are so affected by that storage — 


| ma 
results of diversion, assuming consequential amounts of valley storage in the 4 
d team both above and below the diversion, are summarized as follows: 
.. ages are lowered above and below a diversion; 
Telocities are increased upstream and reduced downstream from a diver- — 
ty) 
4 
,% 
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ALLUVIAL, ‘STREAMS 
(batting additional | inflow) the peak ew to reduce. 
This reduction is not as great as it would be if the flood were unmodified by the > 
diversion of water. Accordingly, : as modified flood wave continues down- 
- stream through an accumulatively increasing amount of valley and channel 
storage, the > peak reduction diminishes. ‘This situation ean by be contrasted with 
a. the situation in which the. hydrograph i is decapitated by o operation ofa control | 
structure. In the latter instaace there is a greater increase in discharge be- 
@ cause of the elimination of upstream storage, for water can | BO into storage at 
d that point only through tilting of the water surface. . This is so because the — 
_ stage at the lower end of the reach where the diversion is located is fixed or _ 


approximately fixed. As the e flows represented by the decapitated hydrograph_ 


= to be reduced | by v valley storage the falling limb increased The 

flat top is reduced in extent more and more until ev ventually | a rounded hy dro- 
graph i is s formed o once more. *#F From the point of diversion ‘to the ne arest point — 

’ downstream where the hydrograph no longer has a flat top, the peak discharge 

a is constant; that is, the peak discharge is not reduced by the valley storage. a In 7 ; 
_ this stretch, the entire reduction in peak flow of the natural flood wave, un- 

™ modified by the operation of the diversion, is the amount that the p peak- -flow 

4 reduction caused by the diversion diminishes. - Let R u denote the Teduction i in 


peak - flow of the natural flood wave before modification under the operation of 
the diversion; let R, denote the reduction in peak flow of the flood wave modified s 


by diversion; and, let Ra denote the reduction caused by the diversion immedi- 
= below _ Then Ra + + R,is ‘the n net reduction caused the diver- 


% diversion that is open at all times will produce such a hydrograph. tuk ps 
___ Decapitation of the hydrograph to produce a aw ide, flat crest can be a accom- 
plished only with ‘a controlled inlet. a the purp pose of the e diversion is to reduce i 
fa heights, decapitation should be avoided by judicious operational — pro- 
cedure. This is advisable unless there is little valley and channel storage 
Bevese the diversion, within the r range of its influence, or below the diversion to 
the location where flood height reductions are desired. 
, ie harmful effects of excessive flattening of the hydrograph « can probably 
_ best be avoided by providing no control structure, but where a structure is 
7 “necessary, these effects can be mitigated by operating the structure ‘80 as to 


pass a. flood wave of approximately normal shape. " This can can be achieved in the 


if the diversion is operated to a nor ormally hydrograph. 


most practicable way by passing water through the structure relatively early — 
on the rising stage of the hydrograph and paralleling : as nearly as possible the © 
stage hy drograph that would occur without diversion. For instance, if it is — 

_ required that the controlled stage in the river not exceed 16 ft and if it is 
predicted that the 1e peak stage w hens diversion would rise to 19 ft, on inl 


‘should begin as soon as and rates at w is 


— 
| 
| 
= 
— 
= 
| 
7 
! 
— & 
Capacity and no objection t no hesitancy in drawing 


the stage below 1 16 ft simply because this action would flatten the 
_ The closest approach to eliminating the unfavorable results of flattening of — 
the hydrograph can be made in reaches with constant storage increments per 
foot of stage. An example of such h a re each "a one completely bounded 
W ITHDRAWAL OF BY Diversion ‘na 


_ - Suspended Sediment. —Experiments conducted at the United States Water- 


7 Ww ays Experiment | Station? showed that when loess was the transported sedi- 
- the division of the material between the stream and the branch was very 
nearly i in proportion to the w ater distribution. Since loess is an extremely fine 


material, it. may be concluded that most of it was carried in suspension. Table 
ummarizes the results of experiments at Iowa State College’ | and ‘tide a 


ABLE 1.—Percentace or SEDIMENT THROUGH 


BRANCHING ARM FOR Various SEDIMENT Sizes* 


— 
Slope of Percentage of| 


number | channel |flow wil 


91.2 | 84.8] 76.1 | 72.3] 68.8 
173 | 155 | 
60.1 | 57.2 
| 216 | 206 
58.4 | 55.2 
228 216 
22.7 | 20.0] 19.1 18.1 | 
| 153 | 185 124 | 122 


pe» The first line of values for each test is the percentage of the total sediment of the indicated sieve size 
passing through the branch. The second line of values is the ratio of that percentage to the percentage of 
total flow in the branch. Outlet flow was retarded by perforated plates. 


“measure of support to to this indication that suspended sediment divides in 
proportion water distribution. In these tests the slopes were steep 
sn for Test No. 3, the outlets wese free fall. _ Both channels were rectan- 


- gular y w ith dimensions 6 in. by 5 in., and the - branching channel diverged - 7 


| 


relation of the slopes could not be ‘determined the test 
reports. | The 100-mesh material in three of the tests divided almost — 
in proportion to the division of flow. The 200-mesh material divided approxi-_ 
mately i in proportion to flow i in Test No. 1 and for all practical | purposes behaved a 
similarly in Test No. 4. In this latter test the difference in percentage of flow 
and percentage of 200- mesh material passing into the branch channel was” 
o1 nly  & A _ However, the variation in division of the 200-mesh material in the 7 
various tests does not appear t to be consistent v with variations for other sizes. : 
‘Channel sizes were small, and slopes were steep, so it may have been difficult _ 


2 **Movement of Bed Load in a Forked Flume,” ” by Herbert D. Vogel, Civil Engineering, Vol. 4, Feb 
3 “Stream Sedimentation in a Divided Channel,” by Albert Guy Dancy, thesis submitted to Iowa 
State in 1947, ia fulfilment of the requirements for the degree of Master of 


— 

wed — 
— 

— 
4 80 | 100 | 200 
| 0.0182 | 49° | 481 
: | 0.0214 27.8 282| 210 
3° 0.0214 25.6 26.4); 199 | 
— 
7 
We 
‘pos 


ten obtain a natural of the finer material in the 


~ It has been concluded* that fine materials i in transportation are re distributed 
"comparatively uniformly throughout the river cross section. In connection 
3 with the mechanics of w ithdrawal of water by a diversion this conclusion — 
“supports the concept that suspended s sediment, as differentiated from bed load, ao, 
= at a diversion approximately — in direct proportion | to the divisi ion of 
water quantities. 


Variation Diversion Discharge — D. Vogel, M. ASCE, 2 


“ported results of. runs using Red River sand. In these tests the rates 
4 _ discharge in the main channel above the branch were held practically constant. 


“Both: channels were 2 ft wide and rectangular in section, and the angle of 
bifurcation was 30°. The results are summarized in the following tabulation: 
Flow in branch channel ots Deposits in branch channel 
as percentage of flow as of total deposits 


«65. 


48.8 


was lost. _ Later experiments indicated that sand w as carried past the end of 

a branch channel before it reached the end of the main channel; such h loss, if 
= for, would cause the e percentages of material carried by the | branch | 

channel to he larger apn the percentages of total deposits listed above. if Red 


a. ‘Sand traps were not provided s sO sand carried beyond the ends of the flumes 


Sand i in suspension w divide approximately i in n proportion to division 
wa ‘ater quantities. if such sand actualy were deposited the 


(because a the material in suspension) below w would have been 

‘the material been transported entirely as bed load. Such deposition 
appears possible, for later experiments indicated that slopes below the bifurca- 

= were flattened by diversion. - Since the slope in the main channel is ssmallest _ a 
near and below the point of diversion, any deposition | of suspended aa =" 
that ‘might have occurred was greatest in the ‘main channel. i et 
—— of this nature also would lower the percentage of deposits in the — aa 


Variati on with Particle Size —Later ‘experiments? utilized flumes of semi- 


- ireular cross section, with bottoms as before on the same horizontal plane. 


de gi Seat, 9 ef Materials in Suspension, Mississippi River,” | Technical Memorandum No. 122-1, U. 8. 
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_ALLUVIAL. STREAMS 
main channel had a 2-ft radius and the a 1-ft1 radius. Sand 
__ traps were provided to make possible r runs that were continuous over lo long 


eriods of time The ar roximate 2 average results were Al 


‘Discharge i in side channel J Sediment entering side 
percentage of as percentage of hannel 
"sediment total discharge 4 total 
Red River sand 
TS Pal Polk Creek sand 


possibly rightfully not because of the diferent character of the 
_ the altered test conditions). Since the Polk Creek sand was coar ser than the | 
Red River sand, the results do indicate that a greater percentage of coarser, 

_ materials will pass: into a side channel than 1 is the case with finer r materials. Tt a 


probable that a Portion of the material or is in a 


stream. ever, this on he differ ence in the diversion of coarse 
and finer materials, both of which have sufficient particle size to travel as — 
load. Experiments: conducted at Towa State College® emphasize the need for 
further explanation of this phenomenon. a, The results of these tests are shown 

in Table 1. In addition to indicating i in a general way the effect of changing _ 

percentage of flow in the branching arm, Table Lr reveals. that, without 
exception, as the particle size of the sediment i is reduced, the percentage of the 
size diverted is also reduced . Particles of the j-in. and No. 4 sieve si size should 

nor rmally be transported | as bed load by sliding, o or saltation with small 
vertical amplitude. a lesser percentage of the No. size particles 

- diverted than of the 3 3-in. size. An unsuccessful attempt was made to explain 
this on the basis that sized having less surface 


ing in e WV 


3 sizes were e carried m more or less in 1 suspension, but ponuilainiae ss more ca the 
- larger : sizes were able to settle into the bottom area near the head of the branch 
a channel. . Iti is believed that near t the bottom of the channel the component of — 
: velocity i in the direction of the main channel downstream is relatively low and | 
the component in the direction of the side channel relatively high. Thus the i 
tribution of particle s sizes would occur as shown by Table 1, because the particles 
suspended a at higher elevations in the stream would divide in accordance with — 
division of the water at each level. In the demonstrations conducted by Mr. : 

-Schoklitsch, as in natural river bends, « conditions were not such as would cause 
the degree of unbalance of velocity components that in all likelihood occurs at the 


5 “Hydraulic Strectures,” A. (translated by Sa nuel Schulits), Society of 
_ Mechanical Engineers, New York, N. Y., 1937. 
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more slowly along the bed and, therefore, could be deflected more easily. The 
= iversion particles shown by these tests 
strations by A. Schoklitsch® of 
» £ ments may have influenced the _ — 
— 
| | 
: 
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head « of a branch channel, especially a branch in a ns fume: that has a. a rela- 
tively large cross section with respect to that of the main fl flume. . Further i in- a 


- vestigation is ‘needed to determine whether a diversion from a natural stream 
- will withdraw a greater proportion of coarse than of fine materials and to furnish | 
a convincing explanation of the distril ibution of particle size e that occurs Se Applica- 

tion of test results to natural streams is fraught with hazards unless conditions 
are in accordance with correct scale ratios or the mechanics of all — 


a the large ‘amount of bed load diverted by 
- channels branching from flumes or from natural ‘streams w hen the branch i is sO- 
located : as to facilitate w ithdraws al of bed load. First a series of experiments in 


vhich water surface ] profiles were recorded indicated that slopes were flattened 
in the 1 main Some near the head of the channel and also nstream 


as of experiments at Cornell Ithaca, 'N. and 
_is quoted from the article by Col. Vogel. _ 
aby 


= 
“For tests of short duration | (6 hr) the percentage of bed load de- 
~ posited in the side fume increased with an increase in slope throughout 
the flume. Such increase in was obtained lowering the tailgates: 


Angie of Diversion. —Experiments have been made at the 
= — to determine ‘the amount of nates material diverted 


_ Percentage of sediment ercentage of sediment ‘ 
from straight channel ersion straight channel 


‘In these experiments the 1e channels were rectangular, 
‘— and the main channel below the point of diversion were the same size as 
the main channel a above the point of diversion. The Ww idta w: was 0. 656 ft, and the 
bottom slope Ww as 0. 003. The evidence available indicates that. ‘the sediment 
7 used was sand. Ww ith the low ‘slopes used it is probable that practically all of = 7 


the ‘sediment moved along the k bed. — At the ‘point of diversion the volume oi 
wa was s divided equally bet ween the two channels. 


_ Ae 6 “Movement of Bed Load in a Forked Flume,”’ by Herbert D. Vogel, Civil Engineering, Vol. 4, Feb- a 


Lydraulic Laboratory Practice,” 


chanical Ungineers, New York, N. Y., 
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ALLUVIA AL ‘STREAMS 


‘experiments at the United States W aterw: ays Station 
_ using a model of a a Mississippi River bend® * tests were made to determine the 
_ effect of the angle of diversion on the amount of bed load withdrawn. _ Three 
‘ angles between the diversion and current were used: 45°, 90°, and 135°. Di- 

_ version site No. 1, as shown in 1 Fig. 4, was selected f for the tests, since t the greatest 

4 amount of sand was withdrawn in model ‘Tuns of | a 40-ft river. stage at this 
_ location. 45° and 135° diversions” Ww vere bent at the line and con con- 


4 


‘tinued at those angles into the ri: river. ~~ Landward of the bank line all diversions 

were approximately at right angles to ) the | river channel. -_ In the prototype the 


diversion channel dimensions were equivalent to widths ¢ of 300 ft and — 


- of 30 ft below the 40-ft. stage at w hich the these tests were run. The results are 


Angie of diversion of | bed 


Although the experimental conditions were 
those at the Karlsruhe laboratory, the results appear to give a qualitative 
check, especially with respect to the variation with angle of ‘diversion. 

though the percentages of bed load diverted seem to confirm | the Karlsruhe - 
‘results, it should be remembered that these diversions were excavated fom 


> 
— 
| 
“vi 
— 
— 
8 *Mfodel Study of the Movement of Bed M Meennels,” 
Technical Memorandum No. 3-1, U. 8S. Waterway ed). 


point bar a location ‘that hed to be most favorable for diver- 
en, of bed load. At other locations the percentages. of diverted bed load 

Factors Influencing Diversion of Bed Load the experiments 
_ described has led to the identification of factors that cause a branch channel to . 
= = proportionately more bed load from a flume—and from a river when 
conditions : are right for the. -purpose—than the water diverted. These factors 
furnish, at least, a partial explanation of the changes i in the proportions of bed 7 
diverted with variation in the angle of diversion. 
_ Immediately after ¢ a diversion i is constructed the average e velocity upstream i 


‘from the — of diversion is greater than the velocity below that point. | ‘This P 


poles of ‘since e instead of one e channel there a are e two, and ¢ one e of these 
channels usually i is as large a as the channel upstream m from the diversion. * The eo 
low slopes observed in the main flume near and below the head of the branch 
oe channel (mentioned previously under ‘ ‘Bed Load: Channel | Slopes and Effect of ; 
Slopes on n Bed- Load ‘Diversion’ _support the conclusion ‘that the 
changes near the point of diversion. | _ Thus, the tractive force is rather abruptly a) 


— 


= below the value in the ‘iui stream above the point of diversion. 
Material cannot be moved from the vicinity of the diversion as fast as it is z 

moved in, unless the channel above is transporting bed load at less than 

capacity. Under any circumstances thi the rate of bed- load movement, slows at 

the point of bifurcation. Better opportunity thus afforded the branch: 

a channel to withdraw bed load. This situation will continue until channel sizes 
have been reduced by deposition. 
The highest velocities occur in the ‘upper layers of the stream from 0. 6 
depth to the surface. . These layers « of water are deflected into the side channel br 

greater difficulty than | the lower layers” that. have less velocity. Accord 

— ingly, a large portion of the water that flows down the straight channel below — 

foi junction is derived from the uy upper sr layers of the stream which do not carry — = 


bed load. A bacend qui dead water area results, so far as flow | down the ig 


in the branch channel must be derived from the lower layers of | water in the 
a main channel. These layers transmit the bed load, and a + large proportion of | 
of this load is moved into the branch channel. mei a. = 
Even if the head of the branch « channel i is sin a pool in which no 0 appreciable 
in movement from top to bottom exist, it “appears. that the ‘normal 


vertical velocity curve might not be established 1 | in t the branch channel for the 7 


the bed hud to move in that Secale and a substantial portion of the water 


‘distance required to to accelerate the water from no velocity i in the poc pool to the 
velocity permitted by the slope and the frictional resistance in the branch 
channel. It might be de expected, then, that the ratio between velocities near the 
‘bottom and up) upper layer velocities we would be greater - at the entrance to a branch < 
channel than at other This would the of 


load into the branch channel. 
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a Te should be noted t that the conditions of tests tests described resulted in a 
greater slope i in the branching channel than in the straight channel below. w. In 
7 the Kar Isruhe laboratory tests the same amount of water was drawn into each 

channel. Since the velocity was directed down the main channel, in order to 
- compensate for the difference in velocity head, additional slope in the branch 
“a 7 channel was needed. _ Thus, as the two channels were of equal size in the a 
. the tractive force pa the head of the branch channel exceeded that in ‘the — 
Straight et channel below the fork. ‘Therefore, the diversion of a amount 


whenever a similar condition exists is to observation made 
under “ Bed Load: Channel Slopes and Effect of f Slopes on Bed- ‘Load Diversion,” — 
: telative to the effect of increased flume slopes, substantiating the cconelusions 
7 - just reached. . As the flume slopes increased, the velocities increased, and ac- 
cordingly, - for any given ra rate of diversion, the slope in the branch channel | ¥ 
necessarily increased more to compensate for the velocity head directed dow 7 
stream and for the greater difficulty of turning 


the velocity jets into 


a ae Another factor probably enters into the diversion of bed load. ‘Iti is best 
appreciated by examination of a branching channel that departs from the 

main channel with a small angle. OA side channel that diverges’ from. 
straight channel at 30°, for example, will have a tendency | to create a meander - 
pattern upstream the The material moving on the stream 

- bed will then tend to adopt a path Ww ith ‘respect to the meander pattern similar — 
“to that shown in Fig. ~~ The bed load will pass toward the inside of the bend — 


at the upstream side of the branch channel. Thus it is drawn to the head of the 


branch channel and moves ii into that channel ith the diverted water. In the 
7 | eS cas case of exceedingly y sharp bends, the normal pattern i is disrupted, and deposition 
does not occur on the convex point. Accordingly, for high angles: of diversion 
it may be expected that the meander effect will not assist in the diversion of 


load. should be noted that a bendway whieh i is an element: of 
meander pattern is in itself of the hature of a diversion. The first section of 


| “the | stream that moves around the point or convex ‘side of the bendws ay is 
4 7 _ diverted from the main stream, and each jet that moves around the bend succes- | 


[ = “ sively outward from the point is diverted from the stream that i is still continuing 
f 


toward the concave side of the bend. _ Thus a bendway is a a continuous suce es- 
sion of diversions. _ Each deflected jet will transport bed load in accordance 
the effect. on it of” factors influencing bed- load diversion with 
my effect is s not an elemental factor affecting bed- Joad diversion but i is a 5 complex 
other factors. Howev ever, , since these factors operate within the meander 
cause its peculiar pattern of bed- load movement and d again act separately | with i 
respect to a branching channel, the meander pattern 1 may be viewed as a sepa- 
ate factor i in relation to bed-load movement into a 1 branching | channel. = a 


its is by the magnitude of the angle through | 
materiel be. turned. is manifestly diverted through: a angle 
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diversion angles | the approaching particles a component. velocity i in n the 
direction of the branch channel, w hereas for a 90° diversion the entire move- 


ment of of each particle 1 into the branch channel must be created by the pond 2 7 4 
forces. s. F or still | larger angles a component of the movement down the main & 


stream must be overcome as well. . How ever, if the material comes to rest _— r . 
it is drawn into the branch channel the angularity factor just described will 


= 


vex Bar 


eda of f the f factors that influence 1 the diversion of bed load i is given 


at this point. for convenience of reference: 


a - The velocity factor or the reduction in velocity a at the 
ok _ The velocity in the branch channel. el. The velocity must be sufficient to — 


a “tranaport the sediment presented; cn Ce | 
d. The vertical velocity effect ; 
 e The slope factor which _ depends upon ‘the relative slopes in the ma 


= factor. 


Previously it been implied that in natural streams the amount of 


— 
actor b which was not mentioned previously. these — *% 
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IAL STREAMS 


load w ithdrawn — on the point i in a river — at which the entrance to. 
diversion is located. Evidence been furnished which shows the path of 

sand travel in an alluvial stream.* 5 is reproduced from this study. 
When banks erode rapidly, the “material from the caving bank moves down- 
stream and deposits on the next. point bar on the same . side of the river. i‘ This | 

is also true when banks erode with difficulty, but in this case the bed Dead also 
from the point: opposite the caving bank and crosses the of tl the 


stream in 1 the oon vicinity of the ¢ crossing to the point bar below. _ Some. = 


downstream, again crossing ng the thread ‘of tte. stream the next point ‘bar. 
For this condition to exist, material must be entering from above the reach “—— 
oa faster rate than the banks are caving in the reach under consideration. -— = = 
this material is entering at the same rate as the banks are e caving, sand will not — 
move from point bar to point bar across the thread of the stream. In this case 
- the distribution and path of the bed load will be similar to that described for — 
eroding banks. Thus, the references to rapid erosion, and other com- 
parable terms are relative only a and do not apply simply to rate of bank erosion. 
Rather, the ‘terms represent relations between rates bank erosion and 
amounts of bed load carried in from points above the reach. Generally i it may — 
be said that the material moving fr¢ from above cannot be. less than that caved | 
from the bank below, for the latter will eventually accommodate itself to the 


‘ amount material on ‘5 also shows that. 


To minimize the withdrawal of bed load, a ‘abaueiae should be located, if 
=: in a reach in w hich there i is no erosion. _ This alone will not ‘insure 
a low rate of withdraws al, for, in addition, the entrance to the diversion should. 
be in the concave bank nines distance below the next upstream point 
Za in order | that it will be as far as practicable | from the path o of sand travel. 7 
In reaches in which the banks are eroding there is little movement along the ; 
bank between points A and B in Fig. <5 _ This section of bank, how ever, is very 
ee to and just below the next upstream point bar. i... the entrance to s 
diversion is located there, it is possible that the diversion might be capable of — 
_ influencing the path of the sand and of withdrawing | material from the altered 
- path or from the convex bar above. ‘a Therefore, it appears that the best ‘point. 
of diversion, to minimize withdrawal of bed load, is near point B or a short 
- distance downstream where bank caving is still sult. The optimum location — 


can be determined | only through ead of the actual stream, but model tests __ 

See Though proximity to the sand path and exposure t to a source of bed load are = - 
major ¢ considerations affecting the movement of bed load into a diversion, once | 

“ the exposure has been established other factors that have b been discussed become 


of prime importance. - Considerable ‘mention has been made of the effect of — 
angle between the main channel and the diversion channel. 5: 


es 9A Labor ry Study of the Meandering « of Alluvial Rivers,” by Cay A a 
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that tin meandering streams th the path of the bed lead nena follow. the thread é 
of the stream. _ Accordingly, the angle between the channel and the bed load 
_ path must be taken into account in planning a diversion. _ For example, if the 7 + 
= angle between the diversion and the bed load were less than the angle betwe en 
: the channel and the diversion, the effect of the angularity and the differential — 
_ and vertical velocity factors will be augmented, with no change i in the impact oY 
of the other factors. — Thus, the proportion of the bed load withdrawn will | 
probably be larger than if the angles were the same. If, instead, a lesser 
angle « exists between the channel and the diversion than between the latter — 
and the bed-load path, the proportion of the bed load withdrawn probably will a _ 
‘The e conclusions | drawn with ini: to effect of location of « diversion in a "7 
river bend were substantiated by other tests conducted at the Waterways | 
Experiment Station. *° In these tests diversions were located i in a reproduced | 
Mississippi River bendway at four points, 
TABLE 2 ——TEsts SHow- shown in Fig. 4. The diversions were approxi- a 
Erreer ‘Bep- mately at right to the river « channel, with» 
Loa ap WITHDRAWAL two exceptions that have been ‘mentioned pre- 
Locarion 0 OFA viously in the discussion of angle of diversion. 
Diversion INA Runs w ere made at two water ‘surface | elevations, 
River 
one corresponding ¢ to a 40- it prototype stage and , 
operating | stage | foot stage - diversion channel : areas s 30 ft ft deep by 300 ft wide 
20% ere available below the water surface at diver- 
sions Nos. 1, 2, and 3. Diversion No. 4 was 
cut ‘to. thalw eg depth. The amounts ‘of flow 
withdraw n Ww vere needed to produce | velocities 
wate with sufficient to move bed load into and through 
drawn. Not tested. rereent- diversions. Test results showing the effect on 


of bed load withdrawn with 


Diversion No. 1, etc., operating.  bed- load withdrawal of the location of a diver- r: 
_ sion in a river bend are shown in Table 2. For, 


each run at a given stage the same amount of water w as diverted | as for all 4 


—_— 


No. 15 80% 


‘The concave bank could not erode because it was constructed of concrete. 
l 


Had this bank been of friable material, it is : likely that some of the materia 
that would have caved from the bank above Diversion No. 4 would have been 


withdrawn by that diversion. The small amount of material | withdrawn by 
; Diversion No. 3 during the 40-ft stage tests is indicative of the e importance of 
eo) ‘ the proximity of the sand path to the diversion entrance. | The bed load did not 
oe concentrate on on the bar side until it reached the vicinity of Diversion No. 2. 
: _ A large por tion of the bed load was far out in the channel from Diversion No. 3, ‘ 
so that it could not be deflected into the diversion. By prior runs without 
div versions it was ascertained that the bed load concentrated on the bar (or 
convex) side of the bend further er upstream for the 20-ft stage than for the 40-ft 
stage. Comparison of the withdrawals through Diversions No. 2 and No. 3 


confirms this observation. — The explanation ay lies i in the fact that for 
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lower stages the velocities are. lower The stream can: be 
around bends with greater ease Ww hen velocities are lower, and hence there is 
_more deflection i in the upstream, por tion of the bend. In a natural stream, le 

stage and slope vary ary and as as a result bed- load path and 


ably than | bottom of the main Assuming: 
_ banks | to be steep and velocities to be of such magnitude that bars of appreciable Pg 
= tical height cannot build, the bed load will travel | along the bottom of the | - 
_main channel; and the side channel will of necessity derive its water from co 7 
Best high layers: of the main stream. . Under these conditions little bed 7 
load will be diverted. — - Should the diversion quantities be large, it is probable 
- ¥ that a bar will build near the | head of the diversion, because of the change in oa 
velocity and transpor ting capacity there. If the bar is raised to a level within 
the range of influence of the diversion, the latter will then withdraw bed load, | 
and the proportion w ithdrawn will increase with the continued elevation of 
bar. In predicting con consequences of this nature. to be e expected from a high- 
- level diversion, the relative amount of diverted water and and the location of -— 


in this paper as in balance The condition can best be 
stood in the instance of a stream having freely erodible banks and bed. ‘The 
In each bend the 
Ps channel is is a relatively continuous series of re reversing bends. eae 

_ concave bank caves and a bar, known as a point bar, builds on the convex. 
“Dank opposite. _ The material caved from the concave bank is deposited on the 
Z. next downstream point bar that i is on the same side of the stream as the bank | 

from which the material caved. tends to constrict the channel, but to 

compensate for "the constriction the concave b bank caves across the river 


7 


point bar on which the hen the c caving and deposition 


except for changes ‘that: must “accompany "alterations in 1 shape to ‘maintain 
4 transporting ¢ capacity, the stream may be said to be in balance. ~ Banks w will 
cave, and bars will build at compensating rates. . However, as bends lengthen 
or are eliminated | by cutoffs, the elements that must be adjusted to attain the 
condition of balance are changed. It is doubtful, therefore, that an alluvial 
: stream i is ever quite in balance. 7 he growth of a long bend, for example, can *) 
flatten s slopes : upstream, and consequently for a short time ¢ erosion above and 
a _* material delivered to the point bars in the bend are reduced. | Erosion in 
the bendway con continues, enlarging the channel and lessening the slope and 
2 velocity. This action reduces erosion in the bendway, and as a result of the ; 
diminishing « amount of bed kc load reaching the next bar downstream a similar 


‘reaction occurs there and so on down the river. The flattening of slopes down- 


Mtoe account in planning aiversions trom Natural streams. 
i 4 
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“ALLUVIAL STREAMS 
ig causes slopes a above the bendway in question to increase once more. I In. 
turn this causes a whole series of counterreactions tending toward the > 
of the original conditions. The foregoing assists partial 
_ Visualisation of the ¢ continual changes taking place. — Realization of this fluid 
— condition a and the know ledge: that erodibility varies from p place to place furnishes — 
of ‘Serpentine of an alluvial ‘stream. There 
ndition 4 
a ___ The only differences betw een a stream with freely erodible bed and banks 
and a stream with bed and banks that are e more difficult to erode ace vaitions 
- degree and time. Ifa large amount of material is delivered to a reach that is 
not readily erodible, slopes and channel dimensions w ill be established | ~ het 
part of the material is trans sported | downstream past the point bars. The 
OS ‘amount deposited on the point bars will be. the ar amount sufficient to compensate 7 
for the scour on. the opposite. bank. Ite can . easily be seen that in a reach in 
hich the bed and banks are practically nonerodible, the material delivered 
will deposit only in sufficient amount to create the aueeenney transporting — 
ca apacity. material delivered will be carried through the 


FFECT OF DIVERSION on RiveR CHANNEL 


stage is reduced ed at the of 


| 


bed and banks upstream. if the see are relatively resistant to erosion ord 
a _ the bed As easily erodible , the channel | will deepen. _ The slope will gradually 
4 flatten. immediately upstream from the diversion while the slope further uy up- 
— will steepen. ith this erosion of the bed, s reduction 


‘nt than the river had before the diversion was | gg ooo areas _ 
the river r bed will have a great effect on the extent | of diversion influence or at 


the possibility of the bed si ‘slightly no = 
limit can be visualized under the conditions assumed, unless the diversion and a 
; the river below it it | are incapable of transporting the bed load carried to the _ 


point of diversion. 7 In this case, the building up of the river and the diversion 
7 will limit, at least temporarily, th. upstream effect of the diversion by lessening 


the bed and banks upstream from the diversion are easily -erodible, 
deepening of the channel probably will still occur but only temporarily, for 
bank caving will be accelerated. _ The bank caving will operate to lengthen 
the channel and thereby reduce the slope. In this instance, also, the effect of 
the diversion on the river above may be reduced by the inability of the diversion 
and the river below the diversion to carry away the added bed load resulting 

Effect Below Diversion When Bed and Banks Are Resistant—Should the 


. banks and bed of the | river channel below the diversion be highly resistant to. 
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overra 
years, and the material carried past the diversion may pass” 
< - downstream without consequence. — If the bed | load i is lessened more than the | : 
transporting capacity of the river, there m may y bea , depression o of the w ater 
— 4 surface elevations in addition to that attributable to lowered discharge, because 
the channel section formerly, occupied by bed load will, after diversion, be 
4 occupied partly by water. It should be remembered, however, that the channel — 
was carved to its existing size and shape through the interaction of varying © 
the discharge rates, the slope, a and the bed load . The e regimen ¥ will have been — 
— by the diversion so that the process of ' adjustment will be activated. 
To visualize the interaction of these features, first. assume that the stream before 
diversion was transporting bed load to the limit of its capacity and that the 
diversion reduces the discharge but does not change the amount of bed load 
delivered to the channel downstream. — The transporting p pow er of the stream 
: have been reduced so | that , deposits will occur in the channel. These de- 
posits may manifest themselves both as a general filling of the bed and in the 


formation of bars that reduce the cross section of the channel to conform to — 
the changed discharge rates. ~The e slope i is increased by the reduction i ‘In cross © 
section, and as the slope increases, the transporting | power of the stream. in- 
-_ereases until eventually it is able ‘to transport the material delivered to it. — The 
filling should be most rapid i in oe 7 reach below the diversion a — 


Now assume that bed is diverted w ithout reduction in dow 


discharge. ‘This is a hypothetical condition that could be induced only 
through an increase in the discharge above the diversion in amounts equal to 
the water diverted. -Presupposing a balance below the diversion before its 
_ construction or occurrence, at the existing slopes the stream will easily be able 
to transport the material | that passes the diversion. _ Because of the reduced 
quantity of bed ‘material, stages and slopes will probably be lowered slightly, 
_ but since the bed and banks are resistant, no ) other changes should be evident 
for many years. s. Slowly, however, the stream will erode its channel so that » ) ae 
eventually it creates for itself a channel area and slope that is in balance w = - 
i With a a decrease in the water quantity below the diversion, the bed tends to 
build and bars tend to form so that the slope is increased ; and with the bed 4 
load decreased, the bed tends to scour and the : slope tends to diminish. a . 
both water quantity and bed load decreased, the course of action will be de- 
‘termined by the change that is predominant. _ From ‘preceding discussion, it” 
“appears that unless the diversion is located with respect to river bars, bends, 
_ and sediment path, in such a manner as to w ithdraw a minor portion of the = ; 
bed load, ‘the transported material will be reduced disproportionately to. the | 
reduction in discharge. Thus, the channel below the diversion should transport 
‘the bed material carried past it without filling, and there should be a long-time > 
trend toward scour. Before the conclusion can be drawn that a dispropor-_ 
tionate amount of the bed load will be diverted, however, the locations of the 
bed, bar, and paths of sediment near the entrance to the diversion at all stages” 
_ should be studied. It should be remembered that the configuration of the : 
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eam changes in its cycle from high water to low water, 80 , so that : spi the | a 
f- may W query w a large part of the bed load at one phase of = — 


to with erodible banks. There are some minor however. 
Ina channel with erodible bed resistant banks, a reduction in the discharge 
without a corresponding reduction in bed load will reproduce almost ; exactly 


the action that w as described for the nonerodible channel. Bars will enlarge, 


load with the lesser volume ‘of water. Tf ‘the bed reduced without 
proportionate reduction in discharge and if a bala nce betwe een transporting 
: capacity and bed load originally existed, the bed of the stream just below the 
diversion Ww will start scouring in ‘the first reach or two below 


4 


‘no effect from scour in the t upper section will 
= — the slope, ; and the e capacity to coeds and move material in that section. | 


- Thus, the stream enters reaches farther and farther downstream with sisatsed 

= _ transporting capacity. As a result, the scour of | the bed proceeds in a down- 
stream direction. This differs somewhat from the stream with bed and banks” 
: that are difficult to erode. _ At no location will the latter have its transporting | 


capacity satisfied, so slow ‘erosion may occur simultaneously the 


entire stretch of the stream below the diversion. 
Effect . Below Diversion W Then Bed Banks Are —Should the 


“relative ease, a reduction in without a seduction in bed load will 


E probably r result i in a retardation of the bank caving fora period except : at points — 
that are not well accommodated to the curvature appropriate for the (eel = 
flow. The bed will rise, and bars will grow rapidly until the slope has been 
- inereased to an extent that will enable the stream to transport the bed material 
d being delivered to it. ad _ Filling and bar building will proceed in a downstream — : 
_ direction, as the bed load will be deposited first i in the reach immediately below a 
the diversion. It is at this point that the effect” ‘of reduced transporting 
- capacity is first felt. This reach will fill and increase its slope rapidly. As 7 
goon as filling has proceeded sufficiently, bank scour will be accelerated. 
Material will be carried to and perhaps beyond the next point bar, and the © 
cycle i is — there and continues downstr eam. The in the 


sition. . Thereafter, if the banks erode with the necessary ease, ppt of 
ae caved from the banks should be about the same as it was prior to 
diversion, since there was assumed to be no change in the amount of bed 
load moved and presumably deposited on point bars which must be compen- 


sated for by ‘scouring of the opposite bank. 


ec elow L/rwersion en the be 8 and Banks Are Kesistan 
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| 
before activity in the next bend or reach begins. The net result is that the 
slope of the entire stream below the diversion is increased, and cross-sectional 
— 


— the case of the hypothesis that the bed load i is reduced byt the diversion 
7 _ but the amount of water below the diversion is not changed, the initial action 
when both bed and banks are easily erodible will be much the same as the case 
_ in which only the bed was erodible. The bed and banks of the first reach below 2 
the diversion will scour and supply bed load to the next and succeeding reaches. 
_ As scour occurs in the first reach below the diversion, the cross section there i is _ 


~ enlarged and the slope a and velocity a are reduced. The rate of erosion diminishes 
so that sufficient material is not ‘supplied to the next downstream reach to 
_ maintain its balance. The ded and banks of the next reach begin to scour and 
80. on throughout the whole stretch of the river below the diver sion, or of that 
part that has erodible bed and banks. — _ Eventually, the cross- -sectional area is 
increased, and the slope is reduced to reach a balance betw een —— 


passing the diversion. ‘Thereafter, the 1 river below ‘the diversion will 
act as a balanced stream flowing through erodible material. To a great 
extent the » material passing the di diversion will | be deposited o on the next point OO 
_ bar, and bank caving and meandering should proceed at a rate that will com- 
pensate f for this deposition. Since the amount of material passing the diversion 
was assumed. to be less than before diversion, even though the condition of no 
_ reduction in discharge was imposed, bank caving shot uld be retarded. 7 a 
should be noted, however, that velocities were reduced, and banks that may be rbe 
considered hee erodible at ; one velocity may not be yay freely erodible at a low wer 
velocity. _ Accordingly, some of the bed load carried past the diversion may 
~ not be deposited on the next. point bar but may be carried farther down the 
- channel in the manner represented by the central diagram of Fig. 5 . The 
result of this action would be a further reduction i in the rate of ben’ raving. = 
In the case of an actual diversion in which bed load is w hie ie dis- 
" proportionately large amounts in relation to the | quantity | of water diverted, 
_ the flattening of the slopes below the diversion will reduce stages atitsentrance, — 
thereby lessening the amounts diverted and increasing the slopes and bank | 
caving upstream. . __ These results will tend to cause more bed load to pass below 
the diversion entrance. — ‘Thus, the flattening « of the e slopes b below the diversion 
is partially resisted by the. effects that it causes. 7 But the rates of accelerated 
bank caving above the diversion are gradually reduced as the steepened slopes — 
"4 are extended farther and farther upstream. - Finally a balance is reached in 
which the slope and Tate of erosion: below the diversion are less than before — 
~ commencement of diversion, but greater ‘than were the » caving | upstream - from 
diversion not accelerated and the amount of diversion not the 


stages resulting from the flattened slopes downstream. 


ACTION IN ‘THE Diversion CHANNEL 


The action in the diversion is no no different from in any 
channel. ¥ If the diversion has been so located that it withdraws a large pro- ; 
‘portion « of the bed load, its slope, cross section, and the amount of ‘water ‘diverted 
must be adequate stn teomennel the m material; or filling i in the diversion channel 
will occur. _ The filling will reduce the water and bed load entering | the diversion 


and thus raise se stages at the head of the diversion. _ This increases ‘the slope 
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i. the diver sion unless the stage ii increase is prevented by enlargement of the 
main stream below the diversion. __ If the slope is increased in this manner and ee 
_ the bed load is reduced sufficiently to enable the discharge i in the diversion to 
, transport the bed load withdrawn from the main stream, a condition of quasi 
balance will eventually be created similar to the balance in an alluvial stream 7 
as previously discussed. _ Bends will form if the banks are erodible, andthe 
diversion will act as a normal stream in an alluvial bed. However, the slope 
_ inerease is limited by the stage in the main stream that existed before the e di- 
4 version was made. In fact , if Scour occurs in the main channel below the di- 2 
version, the limit of slope will be still lower. The : attainment of this 
; limit requires complete closure of the diversion. _ Thus, an explanation may be b 
offered for the closure of natural outlets in the past. _ When sufficient slope _ 
- cannot be attained to transport the material deposited at and carried into the | 
q the hi head of the diversion, its channel will fill, with a large amount of the material — 
deposited head of the diversion in the form of a bar. At high water” 


be carried « over the bar for a brief period, widening it and further 


the flow and transporting « capacity , across the bar and in the rest of the diversion 7 
channel. _ As a result the bar will continue to be elevated. Eventually its 
“crest will be topped only by high stages. This is the probable action that 
~ takes place when a high bar forms across the entrance to the old bendway | 


For a diversion designed and located to of bed load 
the action will be the same as discussed above for the river below the diversion | * 
with a disproportionate decrease in bed load. With easily erodible bed and 
_ banks scouring will occur in the diversion channel immediately below jo 


entrance. This will increase the flow into the diversion which in turn will” 


ine .crease the rate of scour, unless the withdrawn bed load is increased in propor- 
- tion to the increase in discharge. The scour will proceed in a downstream a 7 


tion enlarging the entire diversion. — The diversion will continue to enlarge” 


until (1) Sufficient r material i is drawn from the ) main s stream to inhibit further 


_ enlargement; 0 r (2) § a a delta of sufficient length to o reduce velocities below s soour- 


the diversion develops braided channel to an of ‘inereasing 


Stages and redu cing velocities sc so that discharge i increase is s stopped and s |scouring 
A diversion constructed with a slope greater than that required to carry the © 
a bed load delivered to it will act i ina manner similar to the aeons that oe 


narrow neck ofa that ‘quickly becomes the m main 


a 

§ 
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—— to _ erest of the bar, and no water will be diverted at that time. Whentheriver = ~~ 

— i> 

— 

— 

— " bed and banks, and, if compensating factors such as increase in bed load or gee 

delta buildin n j _the main s 
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STREAMS 
Should be a choice in locating the diversion entrance, of the 
the 


Relation to th the. Point at Which Reduced is Desired. 

ig _ of the diversion is the reduction of flood stages, it appears witha able to ‘eam 
_ the diversion above the stretch in which the stage reduction is desired, unless 
this location places a large storage area within the range of drawdown influence. 

Increase in Velocity —The entrance to a diversion should be located 
‘upstream from the stretch in which an increase in velocity y is undesirable, « either 
from the standpoint of navigation or of acceleration of bank caving. 7 If an up- 
stream location of the diversion’s entrance is not practicable, it should then 


be located as far downstream as possible. 


The Angle of Diversion -—The angles between the entrance to the 


dvenien, the main stream, and the bed- load path v will affect the amount «= 

The Site at W. hich the Leaves the River Channel. —The amount 

of bed load withdrawn. Ww ill depend on the point at which the diversion is made 


a Tiver A entrance cut it through a or 


CONCLUSIONS 


_ tensive study of to be if all factual are ob- 
tained. Though a diversion from an alluvial stream cannot be designed to 
accomplish desired results with the exactness of other engineering design, — 
thorough analysis’ will produce a a design” ‘that will ‘approach the ends’ desired 
7 and will remove many of the uncertainties. - = qualitative analysis may be — 
possible, but a quantitative analysis i is apparently still beyond the - 
: ef present scientific knowledge. predictions time 


~ 


experimentation. . The latter is costly and difficult. is. an 
impossible task to . reproduce to scale all all the conditions found in a natural - 
- stream. _ However, at the present time model experiments offer the most 
7 promising method of securing a quantitative approximation of results in w hich - 
"confidence can be reposed. . Continued study by the 
4 — y yet bring forth a 1 thoroughly scientific ¢ approach. 
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